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Abstract

Reverse phase high performance liquid chromatographic methods for the determination of
stabilisers in advanced gun propellants have been developed. The stabilisers determined
were diphenylamine, 2-nitrodiphenylamine and N-methyl-4-nitroaniline. The propellants
contained NC/RDX/DANPE, NC/TAGN/IANPE or NC/RDX/TAGN as energetic
ingredients where NC is nitrocellulose, RDX is cyclo-1,3,5-trimethylene-2,4,6-
trinitramine, TAGN is triaminoguanidine nitrate and DANPE is 1,5-diazido-3-
nitrazapentane.
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Determination of Stabiliser Contents in
Advanced Gun Propellants by Reverse

Phase High Performance Liquid
Chromatography

1. Introduction
Conventional gun propellants are classified as single-, double- or triple-base.
Single-base propellants contain nitrocellulose (NC) as the primary energetic
ingredient, while double-base propellants contain both NC and nitroglycerine
(NG) and triple-base propellants contain ritroguanidine (NQ) in addition to NC
and NG.

Materials Research Laboratory (MRL) i,as been investigating NC-based gun
propellants which contain novel energetic mnaterials in order to obtain
formulations of higher energy which offer improved ballistic performance and
lower charge weights. Formulations incorporating energetic materials such as
RDX (cyclo-1,3,5-trimethylene-2,4,6-trinitramine), TAGN (triaminoguanidine
nitrate) and DANPE (1,5-diazido-3-nitrazapentane) have been studied to date.

Methods for the determination of stabilisers in conventional propellants by high
performance liquid chromatography (HPLC) are available [1]. In the current
study, HPLC methods are described for the measurement of stabiliser and
stabiliser derivative levels in propellants containing the novel energetic materials
described above. Reverse phase methods were preferred over normal phase
methods as the solvents employed are less volatile, have lower toxicity and are
lower in cost. In addition, mobile phase gradients for reverse phase HPLC tend to
be less complex and have shorter run times.

Stabiliser depletion and the formation of stabiliser derivatives were measured
during accelerated ageing of the propellants. Results from these studies are
indicative of the stability of the propellant formulation and have been previously
reported [2). The purpose of the current paper is to describe the use of the reverse
phase HFLC method to obtain stabiliser levels in these advanced gun propellants.
The stabilisers involved in the current study are diphenylamine (DPA), 2-nitro-
diphenylamine (2NDPA) and N-methyl-4-nitroaniline (pNMA). A formulation
containing a combination of pNMA and 2NDPA was also employed to observe
any synergistic effects.



2. Experimental

2.1 Propellant Manufacture

Batches of about 500 g of each propellant were manufactured on the MRL small
scale gun propellant plant. These comprised three series of propellants: series A
(NC/RDX/TAGN/Stabiliser), series B (NC/RDX/ DANPE/Stabiliser) and series
C (NC/TAGN/DANPE/Stabiliser). Each series contained propellants
incorporating each of the stabilisers of interest: diphenylamine (DPA),
2-nitrodiphenylamine (2NDPA), N-methyl-4-nitroaniline (pNMA) and a mixture
of 2NDPA and pNMA (2NDPA/pNMA). The propellant designations and
nominal compositions are given in Table 1.

The NC used was 12.6% N wood-based nitrocellulose (Australian Defence
Industries). RDX was milled under water to an average particle diameter of -5 g.m
and TAGN was milled under propan-2-ol to an average diameter of -3 gtm. The
propellants were mixed in ethanol/ethyl acetate. A higher solvent level was
required to adequately process propellants of series A which are unplasticised
(250 g of each solvent instead of 180 g of each for formulations in series B and C).
The propellants were extruded through a 1.14 mm die and cut to 1 mm lengths
before being stored at ambient for at least two days, stoved at 40'C for seven days
and sieved to remove undersized material.

Table 1: Propellant nominal compositions

58.5% NC (12.6% N) / 1.5% Stabiliser /40% Other Energetic Materials:

STABILISER SERIES A: SERIES B: SERIES C:
20% RDX + 20% RDX + 20% TAGN +
20% TAGN 20% DANPE 20% DANPE

1.5% DPA A(DPA) B(DPA) C(DPA)
1.5% pNMA A(pNMA) B(pNMA) C(pNMA)
1.5% 2NDPA A(2NDPA) B(2NDPA) C(2NDPA)
0.75% 2NDPA/ A(2NDPA/ B(2NDPA/ C(2NDPA/
0.75% pNMA pNMA) pNMA) pNMA)

2.2 Propellant Ageing

Samples (approx 5 g) were aged for 0 - 21 days in polyethylene stoppered glass
tubes (1.6 cm outside diameter x 5 cm long) immersed in a heating block regulated
to 79.9 ± 0.1*C.

2.3 Propellant Sample Preparation

Finely ground sample (0.4 g) was extracted with dichloromethane (60-70 mL) in a
small-scale Soxhlet extractor for 16 hours. The extract in dichloromethane was
gently evaporated on a water-bath until about 10 mL solvent remained, which
was subsequently removed using a rotary evaporator. The material was
transferred to a 25 mL volumetric flask with HPLC grade methanol. Internal

6



standard (2,4-dinitrotoluene, 3.75 rag) was added as a methanol solution and the
resultant solution made up with methanol.

2.4 Apparatus

Reverse phase HPLC was conducted on the samples using a Waters apparatus
consisting of a 600E pump, a 712 WISP autosampler, a Resolve C18 150x3.9mm
column and a 490E multiwavelength UV detector operating at 270 nm. Sample
injection volume was 15 pL. A detailed operating procedure is described in the
Appendix.

2.5 Mobile Phase Compositioh

A ternary water/methanol/acetonitrile mobile phase was used with a flow rate
of 1.2 mL/min. The mobile phase composition was a 50/10/40 water/methanol/
acetonitrile isocratic mix for all samples (run time 20 minutes with 5 minute
equilibration delay) except for those containing both pNMA and DANPE (ie,
B(pNMA), B(2NDPA/ pNMA), C(pNMA) and C(2NDPA/pNMA)). In these
cases, a gradient elution program was required with a run time of 30 minutes and
a 10 minute equilibration delay. This program is shown in Table 2. The
composition (% water/% methanol/ % acetonitrile) remains at 70/10/20 until 7
minutes. From 7 to 8 minutes, the composition is linearly ramped to 45/10/45
which remains constant from 8 to 25 minutes. From 25 to 30 minutes, the
composition is linearly ramped back to 70/10/20. In a normal run (20-30 minutes
run time plus 10 minutes equilibration time), the program will cycle back to the
beginning after 30 or 40 minutes on another sample being injected. If the last
sample has been run, the program changes the mobile phase composition to 100%
methanol after 50 minutes. After 80 minutes the 600E pump shuts down and the
.program events table' linked to the gradient table turns off the helium sparge.

Table 2: Gradient mobile phase program for B(pNMA), B(2NDPA/pNMA), C(pNMA)
and C(2NDPA/pNMA)

Time Flow %A %B %C
(min) (mL/min)

Initial 1.2 70 10 20
7.0 1.2 70 10 20
8.0 1.2 45 10 45

25.0 1.2 45 10 45
30.0 1.2 70 10 20
35.0 1.2 70 10 20
50.0 1.2 0 100 0
80.0 0.0 0 0 0

A = water
B = methanol
C = acetonitrile
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2.6 Data Manipulation

The concentration of each component in the sample solution are obtained from the
chromatogram by the Waters Maxima 820 software using the following algorithm.
The calibration solutions (known concentrations) are used to obtain the ratio of
the response factors of component i and the internal standard (IS):

[i /Clbgc
B PC~b. /A(i) cah•iB = IS]A••/A(iS m

where square brackets indicate concentration and A is the response (peak area).
This ratio is then used to obtain the unknown concentration of the component in
the sample ([i]Sample) from the measured responses of component i in the sample
(A(i)Sample) and the internal standard in the sample (A(IS)Sample) and the
known concentration of the internal standard in the sample ([ISlSample)
according to:

[i]x,,• = B x x A(i)soý
A(IS)s1 wk

3. Results and Discussion

Chromatograms from the DPA stabilised propellants of series A, B and C are
shown in Figures 1, 2 and 3 respectively. In the chromatogram of A(DPA), RDX
and TAGN coelute at about 2.5 minutes (Figure 1). As the concentrations of these
components were not expressly required, no attempt was made to resolve the
peaks due to these two components. It can be seen that the peaks for the other
components are well resolved with baseline separation in all cases.

The high response of DANPE at this wavelength in the chromatograms of
B(DPA) and C(DPA) (figures 2 and 3) gives large peaks which tends to
overshadow the other components as all the chromatograms are scaled on the
largest peak. The decrease in the RDX/TAGN peak height in the chromatogram
for A(DPA) (figure 1) is attributed to the TAGN component because a decrease in
the TAGN peak height is observed in the chromatogram of C(DPA) (figure 3) but
no decrease is seen in the RDX peak height in the chromatogram of B(DPA)
(figure 2). This is consistent with the previously drawn conclusion that there is
some chemical interaction between the stabiliser and TAGN or one of its
derivatives in these propellants [2].
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The chromatograms of the series A propellants stabilised with pNMA, 2NDPA
and 2NDPA/pNMA are shown in figures 4, 5 and 6 respectively. The scale for the
chromatogram of A(pNMA) (figure 4) is expanded as there are no peaks after
about 6 minutes. Again, all the peaks are well resolved. The peaks from the two
stabilisers and their derivatives in the chromatogram for the mixed stabiliser
propellant A(2NDPA/pNMA) (figure 6) are well separated and so do not
interfere.
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Figure 5: Reverse phase HPLC chromatograms of (NDpNA) after ageing at 800C
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Figure 6: Reverse phase HPLC chromatograms of A(2NDPA/pNMA) after ageing at
80*C (see other chromatograms for identification of minor peaks)

The chromatograms from B(pNMA) using the gradient mobile phase program are
shown in Figure 7 ( only 0-20 minutes plotted). It can be seen that the elution time
for a particular compound obtained using the gradient program is significantly
greater than for the same compound in other samples using the isocratic program.
However, the gradient program is required for samples which contain both
pNMA and DANPE (ie, series B and C propellants stabilised with pNMA or
2NDPA/ pNMA) in order to separate the pNMA and DANPE peaks which
would otherwise overlap using isocratic conditions.

DANPE
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Figure 7: Reverse phase HPLC chromatograms of B(pNMA) after ageing at 80*'C using
gradient solvent program

As a summary, general peak retention times of the components analysed in the
propellant formulations are given in Table 3.
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Table 3: Peak retention times using isocratic and gradient solvent programs

Peak Retention Time (min)
Isocratic Gradient

RDX 2.51 8.12
TAGN 2.51 8.12
pNMA 3.061 12.2
DANPE 3.231 11.11
NO-pNMA 3.74 13.6
2NO-pNMA 4.12 14.1
2,4-DNT 4.93 - 4.94 14.8
NO-2NDPA 7.96 - 7.99 17.4
4,4'-diNDPA 9.33
N-NO-DPA 9.61
4NDPA 10.18
2,4,4'triNDPA 10.66 - 10.72
DPA 11.14
2,4'diNDPA 11.81 - 11.88 19.8
2,2,4'triNDPA 13.20
2,2'diNDPA 14.36 - 14.45 21.3
2NDPA 17.14 - 17.44 23.2

1 pNMA and DANPE co-elute when present in the same sample.

To assess the reproducibility of the method with propellants containing new
energetic ingredients, each propellant was run three times. The results are given in
Table 4. It can be seen that the reproducibility is very good. Unfortunately, the
actual concentrations of stabiliser in the propellants cannot be known absolutely
due to losses during propellant processing.

Table 4: Reproducibility of analyses of advanced gun propellants

Nominal stabiliser Series A Series B Series C
content

1.5% DPA Found: Run 1: 1.37 1.35 1.37
Run 2: 1.38 1.33 1.36
Run 3: 1.38 1.33 1.37

Average: 1.38 ± 0.01 1.34 ± 0.01 1.37 ± 0.01
1.5% 2NDPA Found: Run 1: 1.42 1.49 1.48

Run 2: 1.42 1.48 1.47
Run 3: 1.41 1.49 1.46

Average: 1.42 ± 0.01 1.49 ± 0.01 1.47 ± 0.01
1.5% pNMA Found: Run 1: 1.42 1.45 1.48

Run 2: 1.43 1.44 1.47
Run 3: 1.42 1.45 1.48

Average: 1.42 ± 0.01 1.45 ± 0.01 1.48 ± 0.01
2NDPA in Found: Run 1: 0.72 0.72 0.73
0.75% 2NDPA/ Run 2: 0.72 0.73 0.73
0.75% pNMA Run 3: 0.73 0.74 0.73

Average: 0.72 ± 0.01 0.73 ± 0.01 0.73 ± 0.00
pNMA in Found: Run 1: 0.62 0.71 0.72
0.75% 2NDPA/ Run 2: 0.65 0.71 0.70
0.75% pNMA Run 3: 0.64 0.71 0.71

Average: 0.64 ± 0.02 0.71 ± 0.00 0.71 ± 0.01
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To assess the accuracy of the method, several solutions containing known
concentrations of derivatives were made up in a similar manner to the calibration
solutions but run as samples. The results are given in Table 5. It can be seen that
again the reproducibility is very good, with standard deviations of less than 1%.
The experimental results are within 2% of the actual values, which is considered
acceptable since this figure contains all the errors from the solution preparation
and analysis for both the sample and calibration solutions.

Table 5: Results from samples with known concentrations

Stabiliser/Method Sample 1 Sample 2 Sample 3
DPA (Isocratic) Found: Run 1: 4.12 6.35 9.94

Run 2: 4.13 6.35 9.95
Run 3: 4.11 6.36 9.95
Run 4: 4.11 6.37 9.98
Run 5: 4.12 6.34 9.94

Average: 4.12 ± 0.01 6.35 ± 0.01 9.95 ± 0.02
Known conc: 4.16 6.46 9.99

2NDPA (Isocratic) Found: Run 1: 4.30 5.80 10.19
Run 2: 4.30 5.79 10.20
Run 3: 4.30 5.81 10.20
Run 4: 4.30 5.81 10.20
Run 5: 4.29 5.81 10.20

Average: 4.30 ± 0.00 5.80 ± 0.01 10.20 ± 0.00
Known conc: 4.22 5.73 10.13

2NDPA (Gradient) Found: Run 1: 4.26 5.73 10.16
Run 2: 4.26 5.77 10.15
Run 3: 4.28 5.77 10.15
Run 4: 4.28 5.77 10.09
Run 5: 4.25 5.74 10.15

Average: 4.27 ± 0.01 5.76 ± 0.02 10.14 ± 0.03
Known conc: 4.22 5.73 10.13

pNMA (Isocratic) Found: Run 1: 4.06 5.76 10.09
Run 2: 4.05 5.74 10.05
Run 3: 4.09 5.75 10.03
Run 4: 4.05 5.75 10.03
Run 5: 4.04 5.71 10.05

Average: 4.06 + 0.02 5.74 + 0.02 10.05 ± 0.02
Known conc: 4.06 5.71 10.10

pNMA (Gradient) Found: Run 1: 4.01 5.72 10.11
Run 2: 4.05 5.76 10.08
Run 3: 4.08 5.76 10.10
Run 4: 4.07 5.76 10.02
Run 5: 4.04 5.73 10.10

Average: 4.05 + 0.03 5.75 ± 0.02 10.08 ± 0.04
Known conc: 4.06 5.71 10.10

4. Conclusions

Reverse phase high performance liquid chromatography is a powerful technique
for the rapid quantitative determination of stabiliser and stabiliser derivatives in
propellants containing high energy ingredients. Isocratic conditions using a
50/10/40 water/methanol/acetonitrile mobile phase are sufficient for most
propellants studied except those containing both pNMA and DANPE. In these
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cases a gradient mobile phase program is required to separate the peaks of these
two components.
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Appendix - Reverse Phase HPLC Method for Stabiliser
Determination in Advanced Gun Propellants

Principle

The prepared sample is solvent extracted with dichioromethane. The
dichloromethane is removed and the extract redissolved in methanol. After
addition of internal standard, the sample extract is filtered and then injected into
the HPLC. The extract undergoes separation in the column of the chromatograph.
The components are then eluted through the detector where they are detected.
The voltage output from the detector is passed to a computer which quantifies
each component using factors determined from previously run calibration
solutions.

Chemicals

Dichloromethane, commercial grade or HPLC grade
Methanol, AR grade (Ajax Chemicals -Unichrom grade specially filtered for

HPLC)
Acetonitrile 190, as above
Distilled water, freshly distilled and filtered through a 0.45pm membrane filter
2,4-dinitrotoluene (2,4-DNT) as internal standard

-prepare a 250mg/100mL solution in methanol

Apparatus

Bath, boiling water
Extractor, Soxhlet, jacketed with siphon liner and condenser to suit, Quickfit
brand
Thimble, extraction Whatman brand 18 * 55mm or similar
Boiling granules
Flask, round-bottomed 100mL capacity
Flask, volumetric 25mL capacity
HPLC, Waters with 600E pump, 712 WISP autosampler, 490E detector, Maxima
integration software
Column, Waters Resolve C18 150 * 3.9mm 5pm (Waters part no.857 11)
Measuring cylinder, 100mL
Disposable filter units, 0.45pm, 25mm diameter, nylon membrane, (Activon
cat.no.AGS1 125N4P), 10mL glass syringes

Instrument setup

600E Pump
Refer to Waters Operator's Manual for pump priming and purging of WISP
autosampler

WISP 712 Autosampler
After purging the autosampler place the sample carriage into the
autosampler and enter the injection parameters. When all the HPLC
modules are ready press the Run/Stop key to start the autosampler. The
injection marker signal starts the pump's gradient timer and also starts the
computer acquiring data.
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490E Detector
Set the required wavelength and AUFS for channel 1. Channel 3 is
connected to the Omniscribe chart recorder and can be used to give a "real-
time" output (use the timer to switch off the chart-recorder during an over-
night run). The detector can be programmed to turn off the lamp (ie. go
into standby mode) at the end of an overnight run (refer pp 4.16,4.30-31
Operator's Manual). Press the Run/Stop button to start the timer.

Computer/Maxima software
Refer to the Waters Maxima 820 Operator's Manual.
Load the required method.
Set up the sample queue with sample names,file names,and sample weights
etc. Press F3 to start execution of the method, select [START] to ready
system for background acquisition. At the end of data acquisition select
[RESUME] to analyse the sample queue.

Procedure

1. The sample is finely ground using an intermediate Wiley mill (glass-fronted)
with a 20 mesh sieve/funnel fitted. Large-grained propellants need to be
ground initially using the Wiley model 4 mill. Collect the material that passes
through the 1mm sieve then regrind it using the intermediate Wiley mill.
Collect all the ground material in a small stoppered vial.

2. Without delay weigh out between 0.5 and 0.6g of the prepared sample and
transfer to a clean thimble (number the thimble using pencil). Record the
weight of sample to the nearest 0.1mg. Place a small folded Whatman No.1
filter paper in the top of the thimble to prevent loss of sample by splashing and
then place the thimble into the siphon liner of the extractor.

3. Pour approximately 60-70mL of dichloromethane into a measuring cylinder.
Transfer to the 100mL round-bottomed flask. Connect the Soxhlet extractor to
the flask. Connect the flask and extractor to the condenser and place on the
water bath.

4. Extract the sample ensuring that the rate of reflux is such that the apparatus
siphons at least every 5 minutes. Continue the extraction for a time that has
been determined as sufficient for complete extraction of soluble matter.

5. Disconnect the apparatus and remove the extraction thimble allowing any
remaining solvent to drain into the siphon liner of the extractor. Then carefully
pour the solvent in the extractor into the round-bottomed flask.

6. Gently evaporate most of the solvent from the flask on the water bath till
approximately 10mL remains. Remove the remaining dichloromethane by
evaporation using the rotary-evaporator (set at 30-40°C).

7. Add 5mL of HPLC grade methanol to the flask and swirl gently to redissolve
the residue. Transfer to a 25mL volumetric flask via a funnel,rinse the round-
bottomed flask with methanol and add the rinsings to the volumetric flask
(repeat twice). Add 1.5mL of the internal standard solution and make to
volume with methanol. Filter the prepared sample solution into a Waters WISP
vial using 0.45pm membrane filter.

16



8. Prepare a set of calibration solutions with increasing concentrations from high
purity materials (for example, with concentrations similar to the typical
concentrations listed below). Weigh out the required amount of the
component(s) into a weighing bottle and transfer to a 25mL volumetric flask
using a small quantity of methanol. Add 1.5mL of the internal standard
solution and make to volume with methanol. Filter the prepared calibration
solution into a Waters WISP vial using 0.45pm membrane filter.

9. Load the WISP vials into the autosampler sample carriage (calibration
solutions first then the samples) then place the carriage into the autosampler.

Typical calibration solution concentrations (mgI25mL)

DPA stabilised propellants

Component A B C D

2,4-DNT 3.75 3.75 3.75 3.75
4,4'-diNDPA - - - 2.87
N-NO-DPA 1.27 3.54 7.30 -
4nDPA 1.12 4.45
2,4,4'triNDPA - - - 1.56
DPA 1.39 5.28 10.05 -
2,4'diNDPA - - - 3.22
2,2'diNDPA - - 3.34
2NDPA 1.68 4.60 -

2NDPA stabilised propellants

olution
Component A B C

2,4-DNT 3.75 3.75 3.75
NO-2NDPA 2.09 4.41 -
2,4,4'triNDPA -- 1.50
2,4'diNDPA 6.60 1.82 3.68
2,2'diNDPA 4.92 1.64 3.16
2NDPA 2.11 5.76 10.20

pNMA and pNMA+2NDPA stabilised propellants

solution
Component A B C D

2,4-DNT 3.75 3.75 3.75 3.75
pNMA 1.98 5.02 10.60 -
NO-pNMA - 2.36 3.77 8.13
2NO-pNMA 2.52 - - 6.45
NO-2NDPA 1.71 4.92
2,4,4'triNDPA - 1.50
2,4'diNDPA 1.36 2.56 6.21
2,2diNDPA 1.64 4.67 6.57 -
2NDPA 1.49 4.30 6.34 9.16
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